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6 Pig havens: German and American shows offer the best in swine feeding 

Formerly, the Huhn und Schwein trade show, the EuroTier (or, EuroAnimai) show 
at Hannover, Germany, 22-25 June, will include other intensively farmed species. 
The stands of several feed companies will be featured attractions. So it will be 
with the World Pork Expo at Des Moines, USA, 11-13 June, where there 
renewed emphasis on feeds for lean growth. 
8 Twenty years of change in Europe 
Some countries excelled in output despite mill closings during the two decade 
period. Overall, feed production nearly doubled in that time while the industry has 
been overhauled by successive waves of consolidation. 
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18 Research update: More sophisticated pig feeds 

A group of American researchers checked particle sizes of feed mash in various 
types of feeds for effects on pig growth and sow miiking performance. Other 
researchers investigated effects of vegetable oil emuisifiers in starter feeds, 
mycotoxin mitigation in feed and the utility of yeast products in high fibre feeds. 
22 The stability of enzymes in animal feeds 

First, feed scientists used beta glucanase enzymes to improve poultry feeds 
containing barley; Results were not reliable; due in part to their uncertain stability 
during processing. Now, however, adequately 'protected' enzymes may be used 
in feeds processed at high temperatures to be free of salmonella. 
28 Feeding piglets in the tropics: Making fat more digestible 
Hot weather depresses pig appetites, which forces feed manufacturers to supply 
starter pig rations with higher energy density. The problem is: The best energy 
source for this is fat, which young pigs do not digest well. 
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34 Belt weighing basics: An old technique rejuvenated with load cells 

There is renewed interest today in large, 'continuous mix' feedmill designs. One 
feature that may make them possible in the future is improved versions of classic 
belt weighing techniques. 
38 Controlling steam quality 

Peliet conditioning steam reaiiy should be treated like any ingredient, with proper 
control on its quality. A new type of valve combines condensate separator, 
regulator and steam trap, to produce steam of controlled quality. 
44 Extrusion and expansion: Pig starters from a barrel? 
When the price of skim milk powder is low, manufacturers will make excellent 
starter feeds with it. But as the price rises, they include more vegetable protein. 
What additional good can extrusion or expansion pelleting do? 
46 Screening maintenance workers: Objective tests for mechanical skills 
With these standardised tests, it is possible to compare the unrehearsed me- 
chanical and electrical repair skills of potential employees with a degree of 
scientific objectivity. 
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The stability of enzymes 
in animal feeds 



by Dr. W.D. Cowan, UK 



It has been some years since feed 
scientists first used beta glucanase 
enzymes to -improve poultry- feeds •■ 
containing barley. Since then the re- 
liability of enzyme products has in- 
creased but has not been totally 
matched by a similar rise in the number 
of feed manufacturers and university 
researchers reporting good results 
with enzymes. 

Questions arose as to the survival of 
enzymes in feed processing particu- 
larly, as pelleting at higher tempera- 
tures became theTrormin order to de- 
stroy salmonella. Recently, feed en- 
zyme suppliers have been expected to 
indicate and guarantee what amount of 
heat processing their products can tol- 
erate so that the user may choose a 
product that can continue to function in 
his manufacturing system. 

Foots on beta giucanases 

Of the various products offered com- 
mercially, the majority are beta gluca- 
nases as this was until recently the only 
well established application for en- 
zymes in monogastric feeds. In this 
short review, the beta glucariases are 
used to demonstrate how enzymes sur- 
vive feed processing as by and large 
there is little difference in thermal sta- 
bility between the various enzyme 
types. 
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Figure 1. Stability of granulated cereal 
carrier-enzyme product versus pow- 
dered enzyme product during pelleting at 
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Rgure 2. Stability of granulated cereal carrier-enzyme product versus 'second gener- 
ation' coated granulated enzyme product at various pelleting temperatures. 



Feed enzymes are normally made 
up of two components, the enzyme it- 
self and a carrier material. Enzymes 
are proteins in which their three dimen- 
sional structure is responsible for their 
physical properties and catalytic activ- 
ity. In all proteins, heating results in a 
deformation of this structure. With more 
heating, eventually sufficient deforma- 
tion takes place and the structure is 
disrupted or 'denatured'. One of the 
most common examples of this is the 
coagulation of milk or egg protein in 
which heating renders the protein in- 
soluble. 

With enzymes, heating initially in- 
creases the catalytic activity but even- 
tually thermal denaturation becomes 
more important. The active site, which 
is the centre of catalytic activity, is dis- 
rupted and the enzyme no longer can 
function. The heat used to ensure good 
pellet quality and to eliminate microbial 
activity can also denature the enzyme 
protein and render it inactive. 

The second part of a feed enzyme is 
the carrier material. Pure enzymes are 
not used in the feed industry today be- 
cause their very high activity levels 
would require dose levels in the range 
of 5-25 grams per ton of feed, making 
accurate dosing difficult. 

The first feed enzymes were dried 
fermentation broths containing the en- 
zyme, the production organism and res- 
■ idues from the fermentation. In addition 



to being non-standardised, these prod- 
ucts were dusty and difficult to handle. 

As feed enzymes developed, stan- 
dardisation "became necessary. The 
use of carriers— not only to provide sup- 
port but also by diluting a stronger en- 
zyme to a fixed level — has allowed the 
manufacturers to provide products of 
known and standard activity. Most rep- 
utable manufacturers now declare the 
level of enzyme activity in their prod- 
ucts both on the label and in their prod- 
uct information. 

Enzyme stabsty to processus 

All enzymes are stabilised by the pres- 
ence of their substrate and this has 
been used by enzyme manufacturers 
to improve the stability of their prod- 
ucts. In Figure 1 the stability of a pow- 
der beta glucanase contrasts with that 
of a beta glucanase absorbed to a ce- 
real carrier. In this . case the improve- 
ment in stability is obtained by absorb- 
ing the. .enzyme onto. its. carrier,. . thus 
limiting the thermal degradation 
caused by steam during pelleting. Sim- 
ilar stabilisation techniques are used 
by a number of suppliers. 

Absorbtion of the enzyme to a carrier 
improves enzyme stability by not only 



Dr. Cowan is a nutritionist and tech- 
nical advisor for Novo NordisK a feed 
enzyme supplier based at Famham, 
Surrey, - 
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Figure 3. Stability curves of various commercial granulated enzyme products at 
various pre-pelletlng conditioning temperatures. 



bringing it into contact with its sub- 
strate but also by offering some protec- 
tion against the damp heat coming 
from the steam in pelleting. It is this 
damp heat which is responsible for en- 
zyme inactivation. Dry enzymes are 
much more heat resistant, being able 
to tolerate temperatures of 90° C for 
more than 30 minutes without being 
inactivated. The same temperature rise 
supplied with steam heating results in 
rapid inactivation. 

Because of this,, carrier-absorbed en-, 
zymes are not completely heat stable 
as can be seen from Figure 2 (p. 22). 

At a pre-pelleting conditioning tem- 
perature of 65° C, a commercial en- 
zyme absorbed to its carrier fe com- 
pletely stable. However, as the condi- 
tioning temperature increases, the 
enzyme is inactivated until at 75° C the 
residual activity is about 30% of the 
starting level. In practical application, 
this is about - the • level- of activity at - 
which it may no longer be cost effec- 
tive to add enzymes to the feed. A simi- 
lar pattern is seen with all of the granu- 
lated feed enzymes currently availabie 
in the market. 

A second generation of feed en- 



zymes seeks to overcome this temper- 
ature-moisture constraint. By combin- 
ing existing absorption of enzyme to a 
carrier to a special coating process, 
the manufacturer has produced a new 
granulated enzyme product that is 
more resistant to pelleting. At 75° C the 
product has more than double the sta- 



bility of other granulates as shown in 
Figure 3. .- - ■ 

Post-qeRettog addition of enzymes 

A feed manufacturer's concern over sal- 
monella often leads to conditioning 
and pelleting temperatures above 85° 
C or extended conditioning times and 



the use of expanders. The result of 
these practices is to render unecon- 
omic even the most stable enzyme 
products. Liquid enzyme products are 
stable aqueous solutions of enzymes 
designed to be sprayed onto pellets 
after cooling. They may be applied ei- 
ther before or after fat coating. The 
small volumes required are easily ab- 
sorbed even by coated feed pellets. 

Slurry enzymes are suspensions of 
enzymes in selected vegetable oils in 
which the enzyme product is com- 
pletely water-free. These slurry prod- 
ucts may be blended with vegetable oil 
or animal fat and sprayed on in a con- 
ventional fat coating system. The ab- 
sence of water means that the oil slurry 
enzyme is stable at higher tempera- 
tures than the conventional formula- 
tions and will survive for several hours 
at 80° C without significant loss of ac- 
tivity. 

Post-manufacture chemical testing in- 
dicates that virtually 100% of the 
added enzyme can be recovered from 
the pellets with either liquid or slurry, 
suggesting that this can be an ex- 
tremely cost effective method for en- 
zyme addition. Practica! experience at 
the feedmiil shows that the liquid en- 
zyme addition is easier to operate than 
the slurry as no melting or pre-dilution 
is required. 

The field of enzyme applications in 
feed has broadened considerably 
since the first beta glucanase proto- 
types were mixed with poultry feeds. 
The feed manufacturer can now chose 
which physical form of enzyme to use 
depending.cn the pelleting conditions. 
Moreover, by chemically assaying for 
enzymes downstream from process- 
ing, the manufacturer can be assured 
that the feed contains sufficient en- 
zyme to provide good animal perform- 
ance. R 

Net energy: Conversion calculation 

Feed ingredient evaluations based 
on net energy (NE) must be practica- 
ble to be used widely by feed manu- 
facturers. Thus, Dr. Jean Noblet of the 
INRA national agricultural research in- 
stitute in France suggests calculating 
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the NE value of raw materials from fig- 
ures for DE given in feeding tables. DE 
may differ significantly from metaboii- 
sable energy (ME) and net energy (NE) 
(see Table 1 ). 

The first option is to use the equation 
NE = 0.663 x DE - 0.0039 x CP + 
0.0095 x Fat = 0.0056 x CF + 0.0032 x 
Starch, where the result is expressed 
as MJ/kg dry matter. Alternatively, if the 
digestible nutrients content can be es- 
timated, the equation could be NE = 



0.0104 x DCP + 0.037 x DFat + 0 0148 
x Starch - 0.0041 X DCF + 0.0118 X 
DFtes, in which DRes represents digest- 
ible organic matter minus the sum of 
DCP + DFat + DCF + Starch. 

To bbtain the NE of a complete diet. 
Dr. Noblet says, the nutritionist can ei- 
ther add the contributions of ingredi- 
ents or calculate directly from the 
crude nutrients using NE = 12.11 - 
0.0282 x Ash + 0.0197 x Fat - 0.0126 x 
NDF + 0.0033 x Starch. 




The only brand of s torage silos 
warranted for 5 full years! 

It's a fact— BROCK'S commercial grain storage silos are the best quality 
silos available on the market today. The world's leader in grain storage 
technology, BROCK is the only manufacturer to support all their commercial 
storage silos with a generous 5-year warranty! And, only BROCK has 
hundreds of models to choose from to meet any storage or wet holding 
need— with models 4.6 thru 27.4 meters in diameter and capacities from 96 
to 15,503 cubic meters. 

Contact us today "for more Information and prices about 
the world's No. 1 quality silos— your No. 1 grain marketing tool 

"SEE US IN HALL 21 BOOTH F696 AT EU ROTTER '93 IN HANNOVER,GERMANY, JUNE 22-25" 
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